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ABSTRACT 

The overa l l  objective of t h i s  contract  e f f o r t  is t o  determine 

and recommend preferred matrix materials and operating conditions under 

which Amricsn Cyanamid AB40 electrodes would be capable of 2000-hour 

perfowsnce, i n  a t o t a l  module h8rlng a weight-to-power r a t i o  substan- 

t i a l l y  lower than those presently available for space environment. 

Several new matrix materials were evaluated and included i n  

a l i f e  t e s t i n g  program. The electrodes and matrices were life-tested in  

emall c e l l s  at current densi t ies  up t o  600 ma/cm2, and factors  contrib- 

ut ing t o  performance s t a b i l i t y  investigated. 

A new, five-station, f a c i l i t y  for  l i f e  t e s t i n g  i n  battery-size 

single cells was designed, constructed and checked out. Cell  assembly 

problem were studied. 
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1. SUMMARY 

I 

Research e f f o r t  wtw directed toward determining and recommending 

the  combination of matrix materials and operating conditions most l i ke ly  

t o  result In high sustained performance of American Cyanamid AB40 elec- 

t rodes for  2000 hours or more at temperatures up t o  2OO0C, pressures up 

t o  60 ps ig  and current dens i t ies  up t o  1000 ma/cm2. 

program included preliminary evaluation of poten t ia l ly  su i tab le  matrix 

materials and l i fe  t e s t i n g  at atmospheric pressure and at 45 psig. 

major flndings of t h i s  program are summarized below: 

The experimental 

The 

I. SIMLL CXLL TESTING 

A. PFtELIMIlVARY MATRIX EVALUATION 

1. Matrices avai lable  at the s t a r t  of the contract period included 

Fuel Cell Asbestos and Quin ter rs  Asbestos which provide stable performance 

f o r  more than 2000 hours at 100°C, and Ceria-PTFE which y ie lds  s t a b i l i t y  

for approximately 1200 hours at 1 2 5 O C  and 400 hours at 15OoC. Accordingly, 

several new matrices w e r e  introduced i n t o  the program with the approval 

of the  HASA Project  Manager for  the  primary purpose of  obtaining s t a b i l i t y  

for at least 2000 hours at temperatures above 100°C. 

&ria-PTF'E-PCTFg,(a) potassium titanate-PTm, PTFE-PCTFE, and PTFE, 

A l l  posses8 either a very good o r  a sa t i s fac tory  combination of porosity 

(75-8551, ohmic r e s i s t i v i t y  (0.06-0.16 ohm-cm2), and r o o m  temperature 

bubble pressure (7-30 i psig) and exhibit  negl igible  shrinkage i n  water 

These included 

or i n  KOH at room temperature. 

- polytetrafluoroethylene - polychlorotrifluoroethylene 
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2. 

titanate-PTFE matrices t o  be po ten t i a l ly  useful \rp t o  l5OoC and 100-i25°C 

respectively.  

matrices are potent ia l ly  useful \EP t o  15OoC and 2OOOC respectively.  

Corrosion tests indicated the  Ceria-PTFE-PCTFE and the p o t s s s i m  

Based on published corrosion data the  PTFE-PCTF'E and PTFE 

B. ATMOSPHERIC PRESSURE LIFE TESTING 

1. 

area ce l l s .  

w i t h  t he  Fuel C e l l  Asbestos, Quinterra  Asbestos and Ceria-PTF'E matrices 

Atmospheric pressure l i f e  tests were conducted i n  26 cm2 ac t ive  

Major emphasis was placed on a t t a in ing  (1) s t ab le  performance 

f o r  current dens i t ies  a t  which s t ab le  performance had not been achieved 

for any period of time under the previous BASA contracts  (lv2) (i.e. at 

current densities above 100, 300 and 200 ma/cm2 respect ively)  and (2) 

e tab le  performance w i t h  t h e  new matrices at temperatures above 100°C. 

For t h i s  program, s t a b i l i t y  w a s  defined as a voltage loss not exceeding 

80 mv during 2000 hours. Accordingly, the voltage decline rate should 

not exceed 4.0 mv/lOO hours. 

2. 

Fuel C e l l  Asbestos matrix yielded stable performance at 100 ma/cm2 f o r  

I n  a t e a t  which had s t a r t e d  under t h e  previous contract ,  (2) t he  

9700 hours at 0.94-0.78 V. 

200 ma/cm2 fo r  600 hours and t o  300 ma/cm2 for  400 hours. 

level at 300 na/cm2 w a s  0.84 v. 

3. 

Quinter ra  Asbestos matrix at very high current density (400 ma/cm2) fo r  

1000-1300 hours. 

The voltage, i n i t i a l l y  0.85 v, w a s  0.72-0.76 v at the  end of the 2000 

S t a b i l i t y  w i t h  t h i s  matrix was extended t o  

The voltage 

Stable performance was achieved i n  dupl icate  tests with the 

near-stable performance was  a t t a ined  f o r  2000 hours. 

hour period. 
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Considerable progress W a s  made toward achieving s t a b i l i t y  at 

s t i l l  higher current density (600 ma/cm2) wfth t h i s  matrix. 

ove ra l l  decline rate w a s  8 mv/lOO hours during near4 700 hours at a 

voltage level of 0.77-0.72 v. 

4. A t  least p a r t  of these improvements i n  stabil i ty are obtained 

by minimizing e l ec t ro ly t e  concentration gradients f’rom anode t o  cathode. 

Gradients below four  percent KOH can be maintained even a t  600 -/em2 

(Quinterra h b e s t o s  matrix) by: 

at dew point. y ie ld ing  equilibrium concentration8 not more than 5% KOH 

above t he  nominal concentration, (2) employing nominal concent rat ions 

close t o  t h a t  y ie ld ing  maximum conductivity and ( 3 )  minimizing the dif-  

fusion path without causing matrix breakage o r  gas cross leaks. 

5. The Ceria-PTFE matrix has not yielded s t ab le  performance i n  

tests at l25OC and 300 ma/cm2. Voltage decline rates were mostly 6-7 

mr/lOO hours during 400-700 hours at average voltages of 0.83-0.88 v. 

6. The Ceria-PTF’E-P(;TFE matrix was found t o  be unsuitable f o r  

long term performance at 325OC because it repeatedly broke within 400 

hours after test  start-up. 

The lowest 

(1) humidieing the  i n l e t  reactant  gases 

C. PRTZSSURE LIFE TESTING 

1. 

ac t ive  area cells at 45 ps ig  for periods up t o  1300 hours, limited 

mostly by mechanical d i f f i c u l t i e s .  

(Quinterra Asbestos matrix) and 1 2 5 O C  (Ceria-PTFE matrix) were 0.98-0.99 v 

Especially high s t ab le  performance w a s  achieved i n  26 em2 

Stable  voltages at 100°C 
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at 100 ma/cm2 and 0.94-0.95 v at 200 ma/cm2 with 50% KOH e lec t ro ly t e .  

Operation a t  higher e l ec t ro ly t e  concentration ( 6 0 % ) ,  at 125OC, ra i sed  the 

stable voltages t o  1.02 P and 0.99 v respectively.  

11. LARGE CELL T E S T I N G  

1. A new five s t a t i o n  f a c i l i t y  f o r  l i f e  t e s t i n g  bat tery-s ize  elec- 

t rodes w a s  designed end constructed. The s t a t i o n s  can be operated wi th  

e i t h e r  dry or humidified gases at pressures up t o  at l e a s t  60 psig. 

2. Several test c e l l s ,  unsuitable a t  the s tar t  of the  contract ,  

were modified t o  permit grea te r  compression of the  matrix and t o  protect  

against  hydraulic rupture of the matrix i n  the segment area. 

3. Gas cross-leakage prevented test  s tar t -up i n  a large number of 

a~sembl i e r  with 20 mil Quinterra  Aobestos matrices. Examination of the dis- 

BsaelPbled ce l l s  showed physical breakage of the  matrix i n  many instances.  

Better seal ing was obtained wi th  30 m i l  thicknesses of the matrix. 

4. Two l i f e  tests w i t h  Fuel Cel l  Asbestos and Ceria-FTFE matrices 

using dry i n l e t  gases had high voltage decline ra tes .  
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2. 

2.1 P r i o r  Work 

Light-weight fuel c e l l  ba t te r ies  capable of producing large 

quan t i t i e s  of energJ. appear feas ib le  for  space applications.  

forrpance light-weight electrode systems are an essen t i a l  p a r t  of these 

b a t t e r i e s .  

BAS 3-2786 sad NAS 3-6477 showed tha t  American CyanaBlid AB-40 electrodes 

give high and sustained performance i n  a lka l ine  matrix-type f'uel c e l l s  

operating on hydrogen and oxygen. It was establ ished tha t  subs t an t i a l  

i n i t i a l  performance advantages are obtained at current dens i t ies  up t o  

300-400 ma/cm2 by employing high e l ec t ro ly t e  (KOH) concentrations (50- 

80%). 

ferable for operation at these concentrations and (rrc a l so  poten t ia l ly  

advantageous for t he  removal of waste heat and product water from a ba t te ry  

sy8tem. A t  all current dens i t ies ,  operation at interm@diate pressures 

(45-60 ps ig )  provides subs t an t i a l  gains i n  i n i t i a l  performance without 

significantly increasing the  estimated weight of a bat te ry  system. 

est i n i t i a l  working voltages obtdned  at current den6ities of 100, 400 

and 1000 ma/ca2 were 1.10 v, 0.95 v and 0.82 v respectively when the  elec- 

t rodes are separated by a matrix of average resis tance (ACCO-I1 Asbestos). 

H i g h  per- 

Work completed previously (1'2) under NASA Contracts 

Intermediate temperatures (100-2OO0C) axe required or are pre- 

High- 

It w a s  shown t h a t  attainment of these performance levels for 

sustained long term aperation depends primari ly  on the  a v a i l a b i l i t y  of a 

su i t ab le  matrix. Asbestos xuatricea (Fuel C e l l  Asbestos, Quinterra  Asbestos, 
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ACCO-I and ACCO-I1 Asbestos) avai lable  a t  the  start of Contract NAS 3-6477 

imposed an upper temperature l i m i t  of approximately 100°C for long term 

uperation. 

at least l25OC but not t o  150OC.  

v u  sustained i n  26 cm2 active area cells at atmospheric pressure fo r  1200 

hours or more, both at 100°C f o r  current dens i t ies  up t o  300 ma/cm2, and 

at 1 2 5 O C  for  current dens i t ies  up t o  200 ma/cd. Performance s t a b i l i t y  

was demonstrated at higher temperature (15OoC) f o r  up t o  400 hours, and 

at higher pressure (45 psig)  f o r  up t o  580 hours. 

(234 an2 active area) w a s  operated stably at atmospheric pressure f o r  

1000 hours. 

a tmsphcr ic  pressure (0.97-0.87 v at 100-300 ma/cm2 respect ively)  o r  at 

45 ps ig  (1.03-1.00 v at 100-200 ma/cm2 respect ively) ,  it w a s  estimated 

t h a t  a t o t a l  2 KW module which might incorporate t h e  AB-40 electrodes 

would w e i g h ,  exclusive of fue l  and related tenkage, less than 50 LB/net KW. 

A new proprietary matrix (Ceria-PTFE) extended t h i s  l i m i t  t o  

With these matrices, high performance 

A battery-size c e l l  

Based  on the  sustained performance l eve l  achieved ei ther  at 

Attainment of s t i l l  better sustained performance appeared t o  

depend on t h e  further development of improved matrices capable of opera- 

t i n g  at 150-200°C and/or at current densi t ies  above 300 ma/cm2. 

2.2 Objective6 

The primary obJective of t h i s  contract is t o  determine and 

ncommnd t h e  combinations of matrix materials and operating conditions 

most l i k e l y  t o  result i n  the high sustained performance of AB-40 elec- 

trodes for 2000 hours or  longer at temperatures up t o  2OO0C, pressures 
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up t o  60 ps ig  and current densi t ies  up t o  1000 ma/cm2. Performance 

s t a b i l i t y  is defined as a voltage logs not exceeding 80 mv during 2000 

hours. 

2.3 Scope 

The scape of work t o  be done by American Cyanamid Company is 

shown i n  the following description which is a condensation of the  

Schedule of Work fo r  Contract HAS 3-8524. 

The contractor shall m a k e  available, a t o t a l  of five ( 5 )  6" x 6" act ive 
area pressure cells, and four (4) 2" x 2" active area pressure c e l l s  
and t h e i r  associated tes t  r igs .  The nine designated c e l l s  w i l l  be used 
t o  perform continuous l i f e  t e s t s  under conditions approved by the  NASA 
Prodect Menager. 
tes t  f o r  2,000 hours, a f t e r  w h i c h  new c e l l s  w i l l  be subst i tuted so tha t  
t h e  maximum aaount of testing can be accomplished within the  period of 
performance. Atmospheric pressure endurance tests shall be performed 
i n  the  t w e l v e  (12) 2" x 2" c e l l s  which were made available during 
Contracts HAS 3-2786 and HAS 3-6477. 

Cells which operate s a t i s f a c t o r i l y  w i l l  continue on 

As a p a r a l l e l  e f f o r t  performed over t h e  first s i x  months of the  contract 
period, t h e  contractor shall investigate promising e l ec t ro ly t e  matrix 
materials. 
t ions .  
atmospheric pressure fue l  c e l l s  and i f  s t i l l  promising, will be 
factored i n t o  the  l i f e  test program. 

Materials w i l l  be evaluated first by immmsion i n  KOH solu- 
Thoee which perform sa t i s f ac to r i ly  will be tested i n  2" x 2" 

A t  the  conclusion of the  l i fe  test progrtm, the  contractor shall recom- 
e n d  operating conditions which appear t o  deliver the  best combinations 
of cel l  l i f e  emd efficiency. 
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3. SMALL CELL TESTING 

Small ce l l  t e s t i n g  included preliminary matrix evaluations and 

l i f e  tes t ing  at atmospheric pressure and at 45 psig. 

having an active area of 26 an2 were used i n  t h i s  work. 

"Two-inch ce l l s"  

3.1 AB-40 Electrode8 

American Cyanamid AB-40 electrodes,  used as both anode md 

cathode, were employed previously under NASA Contracts RAS 3-2786 and 

NAS 3-6477: 

trodes". The electrodes contain 40 mg Pt  catalyst/cm2 and one t h i r d  as 

much PTFE used as a binder-waterproofing agent. This waterproofing and 

a high degree of porosity i n  t h e  electrodes provide su i tab le  contact 

mong gas , ca ta lys t  and e lec t ro ly te .  The catalyst-waterproofing mixture 

is supported on a 24 mesh, 14-mil w i r e ,  n ickel  screen plated wi th  0.05 m i l  

of high temperature gold. 

I n  the former contract they were known as "high loading elec- 

The electrodes are 28 m i l s  thick.  

3.2 Preliminary Matrix Evaluat ion8 

The evaluation of matrix materials w a s  aimed at extending the 

temperature range for  stable performance up t o  125-200°C f o r  2000 hours 

o r  more. 

s t ruc tu re  t o  t he  Ceria-PTFE matrix, were introduced i n t o  the evaluation 

program. They included (1) 9 0 / 5 / 5  Ceria-PTF'E-PCTFE, (2)  9 5 / 5  Potassium 

Titanate-PTFE, (3) 50/50 PTFE-PCTFE and ( 4 )  PTF'E. 

fluorocarbon matrices do not w e t  i n  KOH. Therefore, they were wetted by 

Tmards t h i s  end, four new proprietary matrices, similar i n  

Bo th  of the all- 
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I 

I 

incorporating either of two c-rcial perfluorinated surfsctsnts  , designated 

FC-95 and FC-128 ( 3  M Company), i n  the  e lec t ro ly te .  

appear t o  be poten t ia l ly  most su i tab le  f o r  use at temperatures up t o  

150-2OO0C. 

"hcse surfactants 

Table 3-1 compares t h e  properties of the new matrices v i t h  those 

of the  Ceria-PTFE matrix. 

l o w  ohmic resis tance,  and high bubble pressure at roan temperature. 

Ceria-PTFE-PCTFE and potassium titanate-PTFE matrices have approximately the 

same bubble preseure and cel l  n s i r t a n c e  as the Ceria-PTF'E matrix. 

PTFE-PCTFE matrix has similar bubble pressure and somewhat lower resis tance.  

The PTFE matrix has lower bubble pressure and higher resistance.  

Like t h e  Ceria-PTF'E matrix, t h e  new matrices as prepared are 

All possess a goad combination of high porosity,  

The 

The 

saturated w i t h  water and are equilibrated d i r ec t ly  i n  KOH solut ion at 

room temperature before being assembled i n  the  ce l l .  

shrinks i n  water, losing 17-231 of i t s  area. 

i n  50% KOH c a ~ e s  an additional. area loss of 10%. 

hare  better room temperature shrinkage propert ies ,  losing less than 10% of 

t h e i r  area i n  water o r  i n  KOH. 

70 hours. 

and KOH concentration (60%). 

for  each matrix. 

a given lnstrix batch. 

except Ceria-PTFE. 

less of i ts  area (l5-3O%) than t h e  Ceria-PTFE, Ceria-PTF'E-PCTFE, and 

The Ceria-PTFE matrix 

Equilibration of the matrix 

The four new matrices 

All rive matrices s top  shrinking within 

Greater shrinkage occurs at higher operating temperature (125'C) 

Figure 3-1 show the  loss  of area w i t h  t i m e  

The data for  each c u r v e  is averaged from 3-6 samples of 

hro different  batches were tested f o r  al l  matrices 

Within periods up t o  330 hours, the PTF'E matrix loses 
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PTFE-PCTFE matrices (40-622). 

t he  first 70 hours. 

t he  same 1088 of area as t he  PTFE matrix during 190 hours. 

t h i s  loss accelerated t o  50%. 

Nearly all of t h i s  shrinkage occurs within 

The potassium titanate-PTFE matrix has approximately 

Thereafter 

Beaker corrosion t e s t s  w e r e  run with the  Ceria-PTFE-PCTFE and 

potassium titanate-PTF'E matrices at 100-2OO0C and 50-751 KOH, mostly for  

500 hours. Relrults are shown i n  Table  3-1. "he CeriacPTF'E-PCTFE matrix 

l o s t  1.4% of its weight at 100°C and 6.5% at 15OoC and dis integrated 

physically i n t o  a p rec ip i t a t e  a t  20O0C. 

t o  be poten t ia l ly  su i t ab le  over at l e a s t  some portion of the  range 10O-15O0C. 

The potassium titanate-- matrix l o s t  10.5% of i t s  weight at ~ O O O C ,  18% 

at 1 5 O o C ,  and approximately 61%, within 140 hours, at 20OoC. 

the  corrosion res i s tance  of the  potassium titanate-PTFE matrix i s  not  

outstanding even at 100°C, it w a s  considered s u f f i c i e n t  t o  w a r r a n t  l i fe-  

t e s t i n g  of t h i s  matrix at 100-125°C. 

These da ta  indicated the  matrix 

Although 

3.3  LIFE TESTING 

Small cell  l i f e  tests are conducted t o  obtain sustained high 

performance at the highest  current dens i t ies  and temperatures f eas ib l e  

with avai lable  matrices. S t a b i l i t y  is  defined i n  Section 2.2 as a volt-  

age loss not exceeding 80 my during 2000 hours. 

voltage decline r a t e  should not exceed 4.0 mv/lOO hours. 

object ive i s  t he  determination of operating var iable  e f f e c t s  an perfor- 

mance s t a b i l i t y .  

Accordingly, the  ove ra l l  

A secondary 
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L i f e  tests at atmospheric pressure and at pressures above 

atmospheric are discussed separately below. 

3.3.1 Atmospheric Pressure Life Testiaq 

3.3.1.1 Tes t  Conditions 

During the current period, mor emphssis w a s  placed on (1) 

a t t a in ing  stable performance with previously arailable matrices (Fuel 

C e l l  Asbestos, Quinterra  Asbestos, and Ceria-FTFE) at current densi t ies  

above those achieved under the p r i o r  NASA contract (i.e., above 100, 

300 and 200 ma/cm2 respectively) and ( 2 )  a t ta in ing  stable performance 

w i t h  new matrices at temperatures dove 100-125°C. 

(2 )  

Tests were conducted at 9O-15O0C, 30-671 KOH and 100-600 ma/cm2 

with humidified in le t  geese. In d 1  t e s t e ,  t he  electrodes were pre-wet 

with e l ec t ro ly t e ,  t o  15-25% of t h e i r  weight, before they were assembled 

i n  the ce l l .  

3.3.1.2 Test Cells and Stat ions 

The tests are carried oat in gaskctted flat-pla%e cells at 10 

s t a t ions  equipped with water saturators  f o r  humidifying both hydrogen 

and oxygen. 

i n  detail. 

approximately 3 ppm C 0 2 ,  1 ppm CO and 0.1 ppm 02 .  

contains approximately 5 ppm of COz.  

(1,2) The c e l l  and s t a t ion  designs have been described previously 

Tho hydrogen is a pre-purified grade (Airco) containing 

The oxygen (Airco) 

I n  order t o  remove C02 , bath gases 
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are passed through Ascarite scrubbers i n  the gas manifold and then through 

l i q u i d  caust ic  scrubbers located at each s t a t ion .  The Ascarite is changed 

if it whitens, ind ica t ing  a loss  of ac t iv i ty .  

change4 every 2-5 dws depending on t h e  gas f low rate, if they becons 

aloudy from carbonate prec ip i ta t ion  or t oo  concentrated and cause foaming. 

Caustic solut ions are 

3.3.1.3 Test Procedures 

Pr ior  t o  s tar t -up,  a polar iza t ion  curve is run on dry  goses at 

The t e s t  is then run on humidifled current densities up t o  1000 ma/cm2. 

gases at constant current. Cell  voltage and temperatures are monitored 

continuously and are recorded daily.  C e l l  i n t e rna l  res i s tance  and 

sa tu ra to r  temperatures are recorded daily.  

Product water formed by the  c e l l  react ion is removed by vapor- 

i za t ion  in to  an excess flow of reactant gases. 

gasses enter  t h e  c e l l  at the  same dew point.  Under these conditions, the 

t o t a l  flow of i n l e t  gas i s  computed from Equation (1). 

I n  nearly all t e a t s ,  both 

7.6 I (1 + 1 . 5  Ye) 
F i  = 

Ye = Y i  

where Fi = t o t a l  i n l e t  flow of H2 + 02 (cc/min at 2 3 O C  + 0 Dsig) 

I = c e l l  current ( a m p s )  

Pi O moles H 2 0  
Y i  = humidity of i n l e t  gas - 

[mole gas 1 - 76045'  



moles H ~ O ~  Pe O 

mole gas i 760-Pe0 

- - Y e  = humidity of ex i t  gas 

where P i o  and Peo = vapor pressure of water (mm)  i n  t h e  i n l e t  gases and 

in t h e  c e l l  respectively.  

The vapor pressure of t h e  i n l e t  gases depends on t h e  saturat ion 

The c e l l  vapor pressure depends on t h e  c e l l  temperature and 

Vapor pressures at 100°C 

temperature. 

the  nominal ROE concentration t o  be maintained. 

and 30-60% KOE were taken from the  Internat ional  Cri t ical  Tables. 

Vapor pressures at l25-200°C and 50-801 KOH were taken from establiahed 

er t rapola t icas  . 

( 3 )  

( 4 )  

The f l o w  of each reactant gas leaving the c e l l  is calculated 

according t o  Equations ( 2 )  and (3)  

f o r  hydrogen:FeH = [. - I 3 Fi - 7.6 I 

- 3.0 I Fi f o r  oxygen:FeO = - 
s + 1  

where F eH + FeO = e x i t  f l o w  ra tes  of 

CC 1 
at 23OC & 0 ps ig  i H 2  and 02 respectively 

El S = i n l e t  f l o w  r a t i o  of  H2/02 (3) 



ThC e x i t  flows are pLeasured at least twice weekly with high accuracy by 

mean8 of a Vol-U-Meter flw rate ca l ib ra to r  (G. H. Porter ,  Inc.) and 

adJa(lted if necessary t o  the proper level .  I n  addition, approximate 

checks of all gas flaw r a t e s  are made at  least dai ly  using precision 

ro tsae te rs .  

3.3.1.b Test Results 

Table 3-2 summarizes test  conditions and results. The table 

shows i n i t i a l  and f l n a l  voltages and arerage voltage decline rates. The 

" i n i t i a l  voltme" is t h e  maximum voltage obtained w i t h i n  100 hours after 

the  start of the test. I n  most runs where the e lec t ro ly te  WM not con- 

centrated within the c e l l  (30-506 KOH) , the  i n i t i a l  voltage was the same 

a0 the  voltage when the cell w a s  first put on load. I n  runs where the  

e lec t ro ly te  w a ~  concentrated within the c e l l  (55-671 KOH) , the i n i t i a l .  

voltage generally rose t o  a maximum level .  

decline rate" w a s  taken fYcm the average slope of a voltage-time plot. 

The "averQRe voltage 

I n  moot runs, t h e  overal l  decline rate was vel1 defined despite small 

f l U c t U 8 t i O n S .  Where these fluctuations were la rge ,  the decline rate is  

l is ted as "erratic." The decline r a t e  is  l is ted as "accelerated" i n  

those few t e s t s  where it accelerated throughout pa r t  o r  a l l  of the  test  

period. Where the voltage decline rate changed during a t e a t ,  each 

decline r a t e  is noted separately.  

the end of a period of defined average voltage decline rate. 

The " f i n a l  voltwe'' is  the voltage at 

In most 
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runs, t h i s  was also the  V Q l t a g a  at the time the  t e s t  was terminated. 

An addi t ional  " f lne l  voltage" is shown at the end of 2000 hours for  most 

of t h e  tests which ran f o r  t h a t  length of t i m e .  

Figures 3-2 through 3-15 show voltage-time and resistance- 

ti= curves f o r  nearly all tests which ran more than 100 hours. 

results are! discussed below according t o  matrix type. 

Test 

3.3.1.4.1 Test with ACCO-I Asbestos Matrix 

T e s t  2-357, started during the previous contract at 100°C and 

100 ma/cm2 ran s t ab ly  for 5000 hours at 0.93-0.94 v (Figure 3-2). 

Throughout the tes t ,  not including the brief rise i n  voltage which occurred 

at 2800 hours from an inadvertent interrupt ion i n  the oxygen feed, t he  

voltage decline rate wa8 0.4 mv/lOO hours. 

tes t  was terminated t o  make the  s ta t ion  avai lable  f o r  new tests. 

After 5000 hours, t h e  

3.3.1.4.2 Tests w i t h  Fuel Cel l  Asbestos Matrix 

Tes t  2-324 was started under t h e  previous contract  with Fuel 

C e l l  Asbestos at 100°C and 100 ma/cm2. Performance wa8 very stable fo r  

9700 hours at an overall decline r a t e  of 1.6 m v / l O O  hours (Figure 3-3). 

TheVeeiter, the  decline rate accelerated and the  test was terminated. 

Previous, unstable, tests at 200-300 ma/cm2 v i t h  Fuel Cell 

Asbestos(2) were conducted w i t h  a 20 m i l  thickness of the matrix at 100°C 

and 50% KOH. 

flow, humidified at dew points  (45-55OC) which limited the maximum 

The reactant gdes  had entered the c e l l  i n  counter-current 



equilibrium KOH concentration t o  only 5-10 weight percent belaw the 

s o l u b i l i t y  l i m i t  (65%). 

vere 7-25 m/lOO hours at 200 ms/cm2 and mostly 20-30 mv/lOO hours at 

300 ma/cm2. I n s t a b i l i t y  w a s  at least pa r t ly  caused by the r e l a t ive ly  

high KOH concentration gradients (mostly 4-121) which formed from anode 

t o  cathode. Under the  present contract ,  lawer decline rates were obtained 

at 200-300 ma/cm2 when the concentration gradient was reduced t o  belaw 

4% (Table 3-3). This w a s  accoetplished by one o r  more of the  following 

changes tha t  were made i n  the  operating condition8 (1) reduction of 

the  nominal e lec t ro ly t e  concentration t o  30-40% ( e i t h e r  wi th  o r  without 

a simultaneoue reduction i n  temperature t o  90-93OC) i n  order t o  increase 

i ts  conductivity ( 2 )  increasing the  difference between the m a x i m u m  equi l i -  

brium KOH concentration and the s o l u b i l i t y  l imi t  t o  20-28% by humidieing 

the i n l e t  gases at higher dew points  (70-72OC) ( 3 )  reduction of the  elec- 

t r o l y t e  diffusion path through use of a th inner  (15 mil) matrix and ( 4 )  

operation w i t h  co-current gas flow, mostly w i t h  the  oxygen feed nearly 

dead-ended (exit Hz/02 r a t i o  = 12-18). 

Under these conditions,  voltage decline rates 

Figure 3-4 shows t e s t s  at 200 ma/cm2. I n i t i a l  voltages were 

mostly i n  the  range 0.86-0.88 v. 

operated w i t h  t h e  usual 20 mil th ick  matrix at 35-401 KOH, over a range 

of e x i t  H2/02 r a t i o s  (1-12) and KOH loadings i n  the matrix (1.5-2.5 g/g 

matrix).  

usual KOH loading (1.5 g/g) voltage decline r a t e s  were 4.0-7.7 m v / l O O  

T e s t s  2-479, 2-476, 2-463 and 2-458 

(Test 2-458 vas run first at 300 ma/cm2 f o r  400 hours).  A t  t h e  
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hours for periods of  328-620 hours. 

tests (2-479) then accelerated. 

rate accelerated throughout the test (2-476). 

15 m i l  matrix at 40% KOH and the  h i& KOH loading, had a decline rate of 

5.9 m v / l O O  hours during 640 hours. 

erated.  

The decline rate i n  one of these 

A t  t h e  higher KOH loading, the  decline 

Test 2-477, employing a 

Thereafter the decline rate accel- 

T e s t s  at 300 ma/m2 are shown i n  Figures 3-5 and 3-6. I n i t i a l  

voltages were mostly i n  the  range 0.83-0.86 V. 

rates below 10 m / l O O  hours f o r  per iods of 400-900 hours. 

tests (2-4871, operating with a 15 m i l  matrix at 30% KOH w a a  very s tab le  

f o r  400 hours at 0.84 v and a decline rate of 1.5 m / l O O  hours. 

test then became unstable following an inadvertent admission of  air t o  

the  anode through t h e  hydrogen saturator.  

S ix  tests had decline 

One of these 

The 

It c a n b  seen t h a t  better s t a b i l i t y  at 300 ma/cm2 was obtained 

at 90°C and 30% KOH than at 100°C and 40% KOH e i t h e r  with 15 m i l  matrices 

(TLT-2-484, - 478 and -474) o r  with 20 mil matrices (TLT-2-491, -458 and 

463) under otherwise iden t i ca l  conditions. 

t o  separate  the  temperature and concentration e f f ec t s .  

iqrovement i n  performance caused by decreasing the concentration alone, 

from 50% t o  40% KOH, at 100°C, indicates t h a t  t he  fur ther  reduction t o  

30% KOH waa at least pa r t ly  responsible f o r  improved s t a b i l i t y .  

Additional work is required 

Nevertheless, the  

Reducing the matrix ' thickness from 20 mils t o  15  m i l s  improved 

S t a b i l i t y  at 100°C and 40% KOH (TLT-2-478, -4"fb, -458 and -463) a d  

(TLT-2-473 and -475). 

two tests at 90°C and 30% KOR (TLT-2-484 and -491). 

E30 significant e f fec t  of thickness w a s  noted in 
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A t  both thicknesses,  a KOH loading of 2.5 g/g matrix gave very 

low i n i t i a l  performance and much poorer s t a b i l i t y  than the usual loading 

of 1.5 g/g. 

15 mil matrix (TLT-2-487 and -484) . 

Reducing the  loading t o  1.0 g/g improved s t a b i l i t y ,  w i t h  t h e  

3.3.1.4.3 Teat8 w i t h  Quinterra  Asbestos Matrix 

Figure 3-7 shows tests w i t h  20 m i l  Type 10 Quin ter ra  Asbestos 

at 200-300 ma/cm2. 

A t  200 ma/cm2, test  2-420 passed contract  specif icat ions,  

running s tably f o r  2000 hours at 0.89-0.82 v at a decline r a t e  of 3.4 

mv/lOO hours. 

t i o n  from a scrubber accidentally entered the c e l l .  

The test  w a s  terminated at 2320 hours after caus t ic  solu- 

T e s t  2-425 w a s  s t a b l e  

f o r  1100 hours at 0.89-0.84 v. The decline rate then became unstable 

(6.3 m v / l O O  hours) during 1100-2800 hours. (Within t h i s  i n t e r v a l  a 70 mv 

voltage r i s e ,  at 1400 hours, was caused by an inadvertent in te r rupt ion  i n  

the  oxygen feed.) 

terminated. 

The decline r a t e  then accelerated and the  test  w a s  

A t  300 ms/cm2, one t e s t  w a s  very stable f o r  1000 hours at 

0.84-0.83 v with a decline r a t e  of 1.4 m/100 hours (2-421). 

decline r a t e  w a s  high (6.5 nrv / lOO hours) during 1000-2150 hours and then 

The 

became e r r a t i c .  

A t  current dens i t ies  above 300 ma/cm2, voltage s t a b i l i t y  w a s  

improved by lowering t h e  KOH concentration t o  3-40% and r a i s ing  the  

i n l e t  gas dew p o i n t s  t o  72OC. (This e f fec t  is s i m i l a r  t o  t h a t  described 
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above f o r  the more dense Fuel Cel l  Asbestos at current dens i t ies  above 

100 ma/cm2 and is probably due mostly t o  the  ~ 2 8 u l t i n g  higher conductivity 

of the  electrolyte. 

Tests at 400 -/a2 are shown i n  Figure 3-8. A l l  but one 

employed a lower KOH loading (2.0 g/g matrix) than did the tests at 

lower current densities (3.0 g/g matrix) s ince t h i s  lower loading gives 

mud higher i n i t i a l  performance at 400 ma/cm2. 

t he  reduced loading, the  i n i t i a l  voltage wae 0.82-0.85 v corpared t o  

0.77 v at the  higher l o r a n g .  

those obtained under t h e  same conditions i n  previous work. 

Thus i n  four tests at 

The l a t t e r  voltage l e v e l  agrees w i t h  

(2) 

Hear-stable performance WUI obtained fer 2000 hours in dupli- 

cate tests operating at 100°C and 40% KOH. 

fo r  1360 hours at 0.84-0.80 v. 

-/lo0 hour8 so t h a t  a f te r  2000 hours, the ove ra l l  decline r a t e  was 4.5 

m r / l O O  hours. 

0.79 v and a decline r a t e  of 4.5 mv/ lOO hours. This r a t e  then increased 

t o  8.0 m v / l O O  hours, thereby raising the  overa l l  decline rate after 2000 

hours t o  5.5 mv/lOO hours. 

Thus t e s t  2-446 was stable 

Thereafter, t h i s  rate increased t o  7.2 

T e s t  2-451 w a s  near ly  stable for  1300 hours at 0.85- 

By cont ras t ,  three t e s t s  at 50% KOH and i n l e t  gas dew points  

of 5 5 - 6 1 ~ ~  were unstable throughout t h e i r  e n t i r e  duration (TLT-2-445, 

-444 a d  -433). 

i den t i ca l  conditions as the  t e s t s  at 40% KOH, had a decline r a t e  of 7.4 

mv/lOO hours during 1000 hours. 

t he  test was terminated. 

One of these (2-445), which was run under otherwise 

The decline rate then accelerated and 
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Because of theaxouraging results obtained at 4.00 ma/ua2, 

l i f e  tests were run at 600 ma/cm2. 

of KOH concentration ( 3-40 2) , temperature ( 80-100°C), i n l e t  gas dew 

point (59-81'C) and exit H2/02 r a t i o s  (1-38). 

KOH loading of 2.0 g/g matrix. 

and averaged 0.78 v. 

E i g h t  tests employed different  leve ls  

A l l  empluyed an i n i t i a l  

I n i t i a l  voltages v e r t  mostly 0.76-0.80 v 

Figures 3-9, 3-10 and 3-11 s h w  t e a t  results. Under constant 

load, t he  m o a t  promising decline rates (8-12 a n / l O O  hours f o r  690-430 

hours) w e r e  obtained i n  th ree  tests (2-470, -480 and -490) operating at 

30% KOH and 80-90Oc. By cont ras t ,  th ree  t e a t s  (3-465, -455 and -457) 

which s t a r t e d  at 35-401 KOH and 100°C e i t h e r  with the ~ame H2/02 flow 

r a t i o  (38) or with a lower r a t i o  (1.0) had higher decline rates (16-19 

m v / l O O  hours 1. 

In duplicate  t e s t s  at 100°C and 40% KOH (2-468 and -4691, w a t e r  

was fed t o  t h e  cathode, by humidifying the oxygen stream at 81Oc. 

water and the product water were removed by the hydrogen stream humidifled 

at 67Oc. 

This 

Both  t e s t s  had accelerated decline rates. 

It was found t h a t  although high voltage declines at 600 ma/cm2 

i r r eve r s ib ly  decreased the  voltage l eve l  at lower current dens i t i e s ,  they 

had re la t ive ly  l i t t l e  e f fec t  on performance s t a b i l i t y  at these lower current 

dens i t ies .  

hours f o r  300-500 hours. 

i n i t i a l  voltages were 40-70 mv lower than normal. 

Thus tests 2-455 and 2-45? had decline r a t e s  of 18-19 mv/lOO 

When the  load was reduced t o  400 ma/cm2, the 

Nevertheless, both 
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decl ine rates at 400 ma/cm2 were s tab le  or  near ly  s tab le  (4.0-4.4 m v / l O O  

hours) fo r  100-300 houre. 

after 100 hours when a sa tura tor  became plugged and was then un-plugged.) 

When test 2-455 w a s  returned t o  600 ma/cm2 but at a higher flow r a t i o  

than at the start (6.0 ins tead  of 1.01, the decline r a t e  w a s  nearly stable 

(5.0 m/100 hours) f o r  240 hours and then accelerated. The load w a s  then 

reduced t o  100 ma/cm2. 

lower than normal, t h e  voltage w a s  very s t ab le  for  200 hours. 

(The decline rate i n  T e s t  2-455 became u n s t d l e  

Although the i n i t i a l  voltage (0.90 v)  was 30-40 mv 

3.3.1.4.4 Tests w i t h  Ceria-PTFE Matrix 

Nearly a l l  t e s t s  w i t h  the  95/5 Ceria-PTF% matrix were run at 

One test  was run at 100°C i n  order t o  ccarpare the  performance of 1 2 5 ° C .  

t h i s  matrix with tha t  of the  asbestos matrices. A test  at 15OoC w a s  con- 

t inued  from the  previous contract .  

Figure 3-12 shows results at 200 ma/cm2. Test 2-494 at 100°C 

and 50% KOH started at 0.91 v, declined t o  0.88 v during the  first 30 

hours, and has been running s tab ly  for the pas t  200 hours. 

per iod,  the performance level w a s  the same as t h a t  of Q u i n t e r r s  Asbestos 

( t e s t s  2-420 and 2-425). 

and 60% KOH w e r e  continued from the preriowd contract .  

s t a b l e  for  930 hours at 0.g3-0.90 v and then became unstable. 

was unstable fo r  t h e  first 230 hours and then became very stable fo r  t he  

next 240 hours at 0.91 v. Following an inadvertent drop i n  temperature 

t o  U O 0 C  for t h ree  hours, t h e  voltage rose t o  0.94 v end then declined at 

an unstable r a t e  (6.5 m/100 hours). 

During t h i s  

Two t e s t s  (2-428 and - 4 3 )  operating at l 2 5 O C  

Test 2-428 w a s  

Test 2 - 4 3  
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Tests at 125OC and 300 ma/cm2 we ehown i n  Figure 3-13. In  

three tes ts  at 60% KOH, the  average i n i t i a l  voltage (0.88 v) w a s  20 mv 

higher them i n  three tests at 55% KOH. 

-434, -435 and -438) declined at nearly the same rate (6-7 mv/lOO hours) 

for periods of 400-700 hours. 

accelerated rate. 

F i re  of these tests (2-454, -460, 

The s i x t h  t es t  (2-449) declined at an 

One addi t ional  t e s t  (2-447) at 60% KOH employing a higher i n l e t  

gas dew point (61Oc instead of 55'C) and a higher H2/02 e x i t  r a t i o  (6.0 

ins tead  of 1.0) than t h e  other  three,  declined at a v@rg high rate for  

140 hours. 

r a t i o ,  and a s l i g h t l y  reduced nominal KOH concentration, t h e  decline rate 

was nearly stable (5.0 mv/lOO hours) for 280 hours. 

When t h e  gas flow rates were changed t o  give a 1.0 H2/02  

I n  a l l  tests but one, the c e l l  res is tance remained nearly con- 

s t a n t  which indicates that  l i t t l e  of the e lec t ro ly te  had reacted w i t h  t he  

matrix. Nevertheless, i n  four test8 the  matrix broke along one or more 

edges of the  electrodes,  following the  period of defined voltage decline.  

Breakage caused gas cross-leaks which resulted i n  e i ther  an accelerated 

decline o r  sudden tes t  failure. 

One test (2-441) was run at 150'C and 100 ma/cm2 at 67% KOH 

For 400 hours, t h e  voltage was nearly stable at 1.00- 

The matrix then broke 

(Figure 3-14). 

0.98 v and a decline r a t e  of 5.5 mv/100 hours. 

and the tes t  was terminated. These results confirm the conclusion reported 

prCdOUSly(2) that the  present configuration of t h i s  matrix is  unsuitable 

for long term operation at 15OoC. 
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3.3.1.4.5 Tests w i t h  Ceria-PTW-PCTFE Matrix 

Figure 3-15 shows t e a t s  with the  90/5 /5  Ceri-PTFE-PCTF'E 

Good i n i t i a l  performance matrix at 125"C, 50% KOH and 200 ma/cm2. 

resulted when the sa tura t ion  KOH loading i n  the matrix (1.1-1.3 g/g 

matrix) waa reduced t o  0.6-1.0 g/g by loading 30-40% KOH i n t o  the elec- 

t rodes and matrix and then concentrating t o  50% during t h e  i n i t i a l  

po lar iza t ion  curve. In a l l  tests performance was unstable and the 

matrix broke within 400 hours after start-up. 

67% KOH and 100 ma/cm2, the  performance was unstable and the  matrix 

broke within I20 hours. 

In one t e s t  at 150°C, 

These r e s u l t s  demonstrate tha t  the present configuration of 

t h i s  matrix is unsuitable fo r  long term operation at 125-15OoC. 

3.3.1.4.6 Test with Potassium Titanate-PTF'E Matrix 

Test 2-495 w a s  started w i t h  t h e  95/5 Potassium Titanate-PTF'E 

matrix at 125OC, 50% KOH and 200 ma/cm2. 

The tes t  has run 66 hours and is continuing. 

The i n i t i a l  voltage was 0.88 v. 

3.3.1.5 KOH Concentration Gradient 

The c e l l  reaction creates  KOH concentration gradients within 

the electrodes and the matrix. 

across t h e  electrode-matrix sandwich w a s  measured at l e a s t  once i n  

near ly  a l l  t e a t s .  

t h i s  gradient was across t h e  e x i t  end of  the sandwich. In t he  f e w  tests 

An "overall" concentration gradient 

In  most tests, operating with co-current gas flow, 
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vi th  counter-current flow, the  measured gradient extended diagonally 

through the sandwich. 

from the  humidity of the  hydrogen and oxygen streams leaving the c e l l ,  

assuming water vapor equilibrium between e l ec t ro ly t e  and e x i t  gas. 

Humidities were measured by weighing the  water col lected from the gases, 

at known flow r a t e s ,  in Drie r i t e  tubes. Equilibrium KOH concentrations 

and ove ra l l  gradients are shown i n  Table 3-3. 

gradient was determined more than once, it remained nearly constant wi th  

time ( w i t h i n  two w e i g h t  percent) f o r  i n t e rva l s  as long as 1900 hours. 

The magnitudes of these gradients were estimated 

In  most t e s t s  where the 

As is  t o  be expected f o r  an a lka l ine  f u e l  c e l l ,  t h e  concentra- 

t i o n  at  the  cathode was nearly always grea ter  than  at t h e  anode. 

major exception occurred i n  Test 2-24 during the period 5700-9400 hours. 

Whereas for the first 4000 hours of t h i s  t e s t ,  the  direct ion of the  

gradient had been normal,(2) all e x i t  gas humidity measurements made 

during the  in t e rva l  showed a reversal  i n  d i rec t ion  followed by a re turn  

t o  the  normal gradient direct ion.  

y e t  apparent. 

The 

The reason f o r  these reversals  i s  not 

It can be seen t h a t  i n  t h e  great  majority of t e s t s ,  32 out of 

42, the  gradient was s m a l l  (less than 4%) even at current densities as 

high ae, 400-600 ma/cm2. 

f i e d  i n l e t  gases. 

200-300 ma/cm2 w i t h  d r y  gases ( T e s t s  -2-420, -425 md -4211, the aversge 

gradient was 8.2-9.71. 

"his resu l ted  primarily from the use of humidi- 

Thus i n  tests with the Quinterra Asbestos matrix at 

Operation w i t h  humidified gases at 400 -/ern2, at 
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I 

which current density t h e  gradients would be expected t o  be even higher,  

reduced the average gradient t o  3.0-4.5% (Tests 2-445, -433 and -444). 

The low level of t h i s  overall concentration gradient did not 

i n  itself guarurtee voltago s t a b i l i t y .  

previously(2) indicate  t h a t  they probably made possible the  achievement of 

near-stable performazlce at 400 mr/cm2 end promising s t a b i l i t y  at 600 ma/cm2. 

Ieverthelems, results obtained 

3.3.1.6 Carbonate Build-up During Life T e a t s  

AB described i n  Section 3.3.1.2, the hydrogen and oxygen used i n  

these l i f e  tests were scrubbed first through Ascarite and then through 

caustic solution. 

vert8 some of the KOH within the cell t o  insoluble potassium carbonate. 

Since the gases are not recirculated and i n  m e t  tests are fed t o  the cell 

at high flow rates (5-20 times stoichiometric) even trace quant i t ies  of 

carbon dioxide passing the scrubbers, could lead t o  a considerable build-up 

of potassium carbonate i n  long tests, par t icu lar ly  at high current densi t ies .  

The extent of t h i s  build-up was determined at the end of a number of tests 

over a w i d e  range of t o t a l  gas flows. 

data f o r  tests with Fuel C e l l  Asbestos and Quinterr8 Asbestos matrices. 

With both matrices, the relationship between conversion and t o t a l  gas f low 

is  approximately l inear .  

Quin ter rs  Aobe8tos, it i s  estimated t h a t  approximately 0.5 ppm carbon dioxide 

was absorbed f r e m  t h e  I n l e t  gaaes. 

Fuel Cell Asbestos matrix indicate  8n absorption close t o  1.5 ppm. 

The carbon dioxide remaining i n  t h e  scrubbed gases can- 

Figure 3-16 shows separate sets of 

From the slope of the  curve for  the tests w i t h  

Lese extensive data for tests w i t h  the  
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The extent  t o  which t he  e l ec t ro ly t e  can be converted t o  car- 

bonate without causing unstable performance is of i n t e r e s t .  Minimum 

ctmversioos are estimated i n  Table 3 4  which combines the conversion 

data of Figure 3-16 w i t h  the  l i f e  test data of Table 3-2 f o r  tests which 

were s t ab le  with the  highest t o t a l  flow of reactant  gases at a given 

current density. 

versions up t o  at l e a s t  28% at  100 ms/cm2 and up t o  at  l e a s t  15% at 

200-400 ma/cm2. 

It can be seen t h a t  s t a b i l i t y  i s  possible  f o r  con- 

Subsequent i n s t a b i l i t y  i n  the  tests at  100 and 400 raa/cm2 

was not  necessarily due t o  addi t ional  carbonate build-up. 

3.3.1.7 Crys t a l l i t e  Size of Life-Tested Electrodes 

The fresh electrodes have an average platinum c r y s t a l l i t e  s i z e  
0 

of 95A. The e f f e c t  of prolonged operation on c r y s t a l l i t e  s i z e  was 

determined from X-ray di f f rac t ion  measurements taken on the  electrodes 

at t h e  end of t e s t s  covering a wide range of cell temperature (8O-15O0C) ,  

current density ( 100-600 ma/cm2 

T a b l e  3-5 shows c r y s t a l l i t e  sizes fo r  the matrix s ide  of these electrodes.  

and operating time ( 140-10,200 hours ) . 

The cathode c r y s t a l l i t e  s i z e  w a s  s ign i f l can t ly  higher (by 
0 

20-70A) than that of t h e  anode at 100°C and 400-600 -/em2, at 125OC 

and 300 ma/cm2 and at 15OoC and 200 ma/cm2. 

reported previously. (2) 

(me data at l5OoC waa 

A t  all l m e r  current dens i t ies  at these telpera- 

tures both electrodes had substantially the same c r y s t a l l i t e  s ize .  It  

appears then t h a t  the current density at which the  cathode c r y s t a l l i t e  

s i z e  becomes s ign i f i can t ly  higher than t h a t  of the  anode deerease8 wi th  

increasing temperature. 



Using the data of Table 3 - 5 ,  Figures 3-17 and 3-18 show the 

effects of t i m t  and temperature on the c r y s t a l l i t e  s i ze  of anode and 

cathode respectively. 

of the  anode increases more rapidly at  the higher temperatures while the 

rate of increase of c r y s t a l l i t e  s ize  at the cathod is approximately the  

stme at a l l  temperatures. 

Within the first 800 hours, the  c r y s t a l l i t e  s i ze  

For tes t  durations of 800-3200 ha-, data 

were 6btained st 90°C and 300 ma/&, 100°C and 200-600 ma/cm2 and at 

125% and 200 ma/cm2. 

indicate  a general gradual rise i n  c r y s t a l l i t e  s ize  t o  155-165A at both 

While these data are widely sca t te red ,  they 
0 

electrodes.  The lone exeeptioa appears t o  be a decrease i n  c r y s t a l l i t e  

size of the  anode at 100'C and 400 ma/cm2 t o  the level of fresh elec- 

trodes i n  three di f fe ren t  l ife t e s t s .  The reason f o r  t h i s  is  not yet 

apparent 

The s c a t t e r  of the data does not permit further correlat ion of 

c r y s t a l l i t e  s i ze  with current density. 
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TABLE 3-5 

AVERAGE CRYSTALLITE SIZE OF LIE-TESTED ELECTRODES 

- T e s t  

Fresh 
Electrodes 

2-357 
2-324 

2-476 
2-477 
2-425 

2-491 
2-484 

2-475 
2-478 
2-421 

2-433 
2-445 

2-446 
2-451 

2-480 

2-470 

2-468 
2-465 

2-430 
2-428 

2-449 
2-435 

2-483 
2-441 

2-423 (b) 

Current T e s t  
remp . Densitq Duration 
:"C) ( m a / c m  1 (Hours 1 

~~~ ~ 

10 0 100 5,007 
100 100 10,247 

100 200 11 4 
100 200 1,170 
100 200 3,330 

30 300 426 
90 300 911 

10 0 300 218 
100 300 818 
100 30 0 2,150 

10 0 400 5 12 

100 400 2,009 
100 400 2,132 

10 0 400 1,481 

80 600 4 30 

90 60 0 1,058 

100 600 16 4 
100 boo 696 

12 5 200 80 8 
12 5 200 1,721 

12  5 30 0 138 
12 5 30 0 599 

150 100 168 
150 100 474 

150 200 256 

( a )  Averaqe Crystallite 

Anode Cathode 

0 

S i z e  ( A )  O f :  

95 95 

115 - 
110 

150 

10 0 
160 

120 
115 
135 

135 
c5 
95 
90 

- 

- 
115 

100 
110 

105 
90 

125 
12 0 
15 5 

120 
16 5 

120 
115 
150 

155 
130 
14 5 
169 

11 5 

115 

130 
150 

160 140 
160 165 

10 5 12 0 
135 15 5 

135 110 
140 135 

12 0 140 

(a) 
i b j  Reported previcGs<f. (22 

Measured on electrode face adjacent t o  matrix. 
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SMALL CELL LIFl3 TESTS AT ATMOSPHERIC PRESSURG 

FllEL CELL ASBES'NJS MATRIX: 90-100"C: 300 m/cm2 

0.8: 

0.8( 

0-7 

0.7 

0.6 

6 

4 

2 

Matrix Thickness: 20 Mils 
gO°C: 3 6  KOH: 2-489, 2-491 
100OC: 4 6  KOH: 2-458, 2-475 

I I 1 I I 

2 -489 

\ 2-475 

I I I I I 
0 100 200 300 400 500 600 

TIME (HOURS) 

Figure 3-6 
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SMALL CELL LIFE TEST AT ATMOSPWERIC PRESSURE 
CERIA-PTFE MATRIX: 150°C: 100 me/cm2 

KOH Cone . : 67% 

I I I I 

I I I I 
100 200 300 

TIME (HOURS) 

400 

Figure 3-i4 
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SMALL CELL LIFE mSTS AT ATMOSPHERIC PRESSURE 
CERIA-PTFE-PCTFE MATRIX: 125-150'C : 100-200 ma/cm* 

l25OC: 200 ma/cm2: 50$ KOH: 2-466, 2-471, 2-481, 2-482 
15OoC: 100 -/a2 : 67% KOH: 2-483 
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Figure 3-15 
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3.3.2 Pressure Life Test ing 

A l l  pressure l i f e  t e a t s  were 11111 at 45 ps ig  w i t h  humidified 

( 2 )  gases. 

The t w o  types of cells (square and round design) are s h m  i n  Figures 3-19 

through 3-21. T a b l e  3-6 sunm~uizes test conditions and results. Most 

tests were run under conditions which had previously yielded stable per- 

formance at atmospheric pressure. The var ia t ions of c e l l  voltage and 

resis tance with t i m e  are shown i n  Figures 3-22 through 3-27. Tests are 

discussed below according t o  matrix type. 

C e l l  and test s t a t ion  designs w e r e  described previously. 

3.3.2.1 Tests w i t h  Fuel C e l l  Asbestos Matrix 

Figure 3-22 shows tests w i t h  the  Fuel C e l l  Asbestos matrix at 

100°C. 

voltage w a s  0.98 v. 

stable (5.0 mv/lOO hours). 

KOH. The i n i t i a l  voltage w a s  0.92 v and the  t e a t  wae unstable during 

96 hours. 

T e s t  2-492 at 100 ma/cmz is running at 50% KOH. The i n i t i a l  

During 568 hours, the decline rate has been nearly 

A test at 200 ma/cmz (2-485) was run at 40% 

3.3.2.2 Tests with Quinterra  Asbestos Matrix 

A l l  tests w i t h  Quinterra  Asbestos M the matrix were run at 

1 0 0 ° C  and 50% KOH, at the same i n l e t  gas dew point ( 5 5 O C )  and exit H2/02 

ratio (1.0). 

the land and groove area i n  12 start-ups.  

The matrix has relatively poor w e t  s t rength and broke within 
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i 

Figure 3 2 3  shows tests at 100 ma/cm2. The average i n i t i a l  

voltage was 0.99 v. Test 2-440 w i t h  a KOH loading of 3.0 g/g matrix w a s  

very stable fo r  350 hours a t  0.98-0.99 v., giving a decline rate of only 

0.5 mr/100 hours. 

switch waa accidentally tripped. 

lower KOH loadings (2.0-2.5 g/g matrix) were unstable during periods of 

The test waa terminated when an emergency shutdown 

Two t e s t s  (2-453 and -464) employing 

160-230 hours 

Tests at 200 Da/cm2 are shown i n  Figure 3-24. I n  four tests,  

Test 2-486 the i n i t i a l  voltage w a s  0.93-0.95 v, and averaged 0.94 v. 

operating at a KOH loading of 2.5 g/g matrix has run stably for 900 hours 

at 0.94 v end a decline rate of 1.6 mv/lOO hours. 

at lower loadings (2.0 g/g matrix) were very unstable (2-443, -450 and -459). 

By contrast ,  t h r e e  tests 

3.3.2.3 Testa w i t h  Ceria-F'TFE Matrix 

All t e s t s  w i t h  the  9 5 / 5  Ceria-PTF'E matrix were run at  l25OC. 

Ear4 t e s t s  employed 60% KOH but at the  request of the NASA Project Manager, 

later t e s t s  were lilnited t o  a maximum concentration of 50%. 50% KOH is  

poten t ia l ly  advantageous because it is  below the  room temperature solu- 

b i l i t y  l i m i t  (52%) and thus would permit a bat te ry  system t o  be shut down 

and then re-started at room temperature without first d i lu t ing  the elec- 

t ro ly t e .  This poten t ia l  advantage is  gained a t  the expense of 8 decrease 

i n  performance leve l  a t  current densit ies up t o  300-400 ma/cm2. 
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Figure 3-25 shovs tests at 100 ma/cm2. !bo tests were run at 

T e s t  2-438, continued from the  previous con- 60% KOH (2-438 and -456). 

t r a c t  was very stable f o r  540 hours at an impressively high voltage 

l eve l  (1.02 v). 

excel lent  l eve l  of performance was obtained i n  a duplicate t e s t  (2-456) 

which ran at 1.02 v for 61 hours. 

emergency shutdown switch wem t r ipped accidentally.  

50% KOH w a s  extremely stable f o r  660 hours a t  0.99 v w i t h  no voltage 

decline. The voltage continued constant at t h i s  high l eve l  fo r  another 

225 hours despite leakage of e lec t ro ly te  out of the  c e l l .  Thereafter, 

a senre gas leak terminated the mu. 

The decline rate w a s  only 0.5 nrv/100 hours. S i d l a r  

Both tests were terminated when an 

Test 2-461 run at 

Tests et 200 ma/cm2 are shown i n  Figure 3-26. T e s t  2-439, 

w i t h  60% KOH, ran stably for 860 hours at an outstanding voltage level 

(0.99-1.00 v). The decline rate was 1.2 m v / l O O  hours. The test w a s  

terminated when temporary interrupt ion i n  the building power supply 

opened the enrergency solenoid valves i n  the gas exit  l ines  and released 

the c e l l  pressure. 

i n i t i a l  voltage (0.97 v)  for these operating conditions and was unstable 

during 235 hours. 

A second tes t  at 60% KOH (2-452) had a r e l a t ive ly  low 

Test 2-46? employed 50% KOH. The c e l l  operated s tab ly  for 

1360 hours at 0.95-0.96 v and a decline rate of 0.7 mv/lOO hours. 

after, the matrix broke causing a gas cross leak and terminating the tes t .  

There- 
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Thua far, 1360 hours represents tho longest period of operation at i25OC 

for a Ceria-F'TF'E matrix without breakage. 

operated e r r a t i c a l l y  during 146 hours and was terminated. 

A second test at 50% KOH (2-462) 

A carpariron of t e s t  results at 50% and 60% KOH shows the  sub- 

stantial performance advantage st 100-200 ma/cm2 (30-50 m) which is 

gained by operating at the higher concentration. 

Two tests were s t a r t e d  at 300 ma/cm* (Figure 3-27] w i t h  a 

r e l a t i v e l y  t h i n  matrix (15-16 mils compared t o  the  usual 20-30 mils). 

Both had very high i n i t i a l  voltages (0.95-0.96 v) .  

for  193 hours at an average decline rate of 4 n r v / l O O  hours. 

was unstable during 167 hours. 

i n  t h e  hydrogen sa tura tor .  

T e s t  2-493 was s t a b l e  

Test 2-488 

Both were terminated by partial  p l q g i n g  
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TWO INCH PRESSURE CELL: ROUND DESIGN 

-.om 
0 AlNG G U W M  

. IO6 PARUER * 1 6 L  .OlO 

I 
I 

I! 
b 

). - 
, . I /,', . i , #  , 

, I  
, /  

/ ' / ,,' 1 

9 Figure 3-20 SECTtOhJ c-c 



LAN 

TWO INCH PRESSURE CELL: ROUND DESIGN 

ELECTRODE CAVITY 
INLET & EXIT GAS PORTS 

F i v e  3-21 



- 62 - 

SMALL CELL PRESSURE LIFE TESTS 
FUEL CELL ASBESTOS MATRIX: 100"c: 100-200 ma/cm2 

Pressure: 45 psig 
100 m/cm2: 5 6  KOH: 2-492 
200 m/cm2: 40$ KOH: 2-485 
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TIME (HOURS) 
Figure 3-22 
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SMALL CELL PmSSURE LIFE TESTS -- CERIA-= MATRIX: 1 2 5 " ~ :  300 ma/cm* 

Pressure1 45 psig 
KOH Conc.: 5 6  
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Figure 3-27 
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4. LARGE CELL TESTING 

Large c e l l  t e s t i n g  aimed at duplicating with battery-size elec- 

t rodes the s t ab le  performance a t t a ined  i n  samll c e l l  l i f e  tests. Quinterra 

Asbestos, Fuel C e l l  Asbestos and Ceria-PTF’E were employed as matrices i n  

t h i s  effort. Major emphasis w a s  place on operating with Quinterra  

Asbestos because of i t s  demonstrated super ior i ty  over the  other  two at 

very high current dens i t ies  ( 300-600 ma/cm2 ) . 
4 . 1  T e s t  Stat ions 

A t  t h e  start  of t h i s  contract ,  two tes t  s t a t ions  were available: 

one fo r  operation w i t h  dry gases only and the other  for operation w i t h  

dry gases o r  w i t h  gases humidified i n  small vaporizers. These s t a t ions  

have been described i n  de t a i l .  ( 2 )  

During the current period, a new f ive s t a t i o n  f a c i l i t y  w a s  

designed and contructed. The s t a t ions  are suitable for operation with 

e i t h e r  dry or  humidified gases at pressures up t o  at least 60 psig. An 

overa l l  view of  the  s t a t ions  is given i n  Figure 4-1 while F i e r e  4-2 

shows one of t he  s t a t ions  i n  more detail. 

A schematic v i e w  of a typ ica l  s t a t i o n  is  shown i n  Figure 4-3. 

Hydrogen (General Dynamics) is  supplied *om a tank t ruck and contains 

l e s s  than one ppm carbon dioxide. Oxygen (General Dynamics) is vaporized 

from a l iqu id  supply tank and contains less than one ppm carbon dioxide. 

In  order t o  f u r t h e r  insure a negl igible  carbon dioxide content,  both 

gases are passed throu@ Ascarite scrubbers located i n  the main l i n e .  



A t  a s t a t i o n  each gas flows t h r o q h  a solenoid valve, pressure 

regula tor  and flowmeter and i s  then humidified i n  a s m a l l  vaporizer before 

en ter ing  the  ce l l .  Gas f l o w  r a t e s  are control led by needle valves posi- 

t ioned  downstream from the  ce l l .  Water i s  fed t o  each vaporizer from a 

supply tank pressurized with nitrogen t o  1 5  psig above t h a t  of the reactant 

gases. Needle valves control t he  water feed rate. 

The vaporizer is shown schematically i n  Figure 4-4. Its  temper- 

ature is 15O-17O0C and, l i k e  t h a t  of the c e l l ,  i s  maintained by an on-off 

cont ro l le r .  Water en ters  the top  section of t h e  vaporizer which i s  packed 

w i t h  s t a i n l e s s  steel  turnings and is  vaporized i n t o  the  gas stream enter ing 

at t h e  bottom. The asbestos which insures a steady ra ther  than a drop- 

wise flow of water i n t o  t h e  V s p O r i Z e r  and the  packinp which provides 

grea te r  heated surface a rea ,  prevent too rapid flashing: which leads t o  

undesirable pressure surges. Lines from the  vaporizers t o  t h e  c e l l  and 

frm t he  c e l l  t o  the  flow control  valves are heated t o  prevent condensation. 

The s t a t ions  have severa l  safety devices designed t o  prevent t he  

formation of an explosive mixture of hydrogen and oxygen i n  the system i n  

case of cross-leakwe throuRh the ce l l  matrix. Single and double check 

valves are used t o  prevent any back flow of gas t o  t h e  vaporizer o r  the 

water feed tank. In  t h e  event of emerRency, provision is made fo r  rapidly 

re leas ing  the reactant  gases throuph a solenoid valve i n  a branch of each 

l i n e  leaving the c e l l .  Simultaneously, solenoid valves located upstream 

from the  c e l l  shut off t h e  gas and water feeds t o  the  s t a t i o n ,  open 

nitrogen purges t o  both sides of the system and shut off the c e l l  heater. 



The en t i r e  sequence can be i n i t i a t e d  t h r o w  a manual switch. It can a l s o  

be t r i g p r e d  automatically by a 5 psig rise or fa l l  i n  system pressure 

(through Mercoid pressure switches) 

(through a high temperature cut-off instrument) o r  by a failure i n  the  

vaporizer heater (through a low temperature cut-off instrument ) . 
drop i n  system pressure following shutdown t r i p s  the low pressure switch 

which prevents the system from re-startine: on its own. Manual switches 

which by-pass these pressure and temperature safety devices permit tes t  

start-up. 

by a 1 0 ° C  rise i n  c e l l  temperature 

The 

4.2 T e s t  Cells 

Five  " s i x  inch" c e l l s ,  fabricated during t h e  previous NASA 

Contract,(2) were used f o r  l i f e  tes t ing .  

electrodes (234 cm2 act ive area) and can withstand  as pressure up t o  at  

least 60 psie;. 

previously. ( * )  

cells sa t i s f ac to r i ly ,  d i f f i c u l t i e s  were encountered i n  assembling them 

w i t h  Quinterra Asbestos whose 

repeatedly and cause gas cross-leaks p r i o r  t o  start-up. Breakage occurred 

pr incipal ly  i n  the area between the  electrode cavity and t h e  concentric r ing  

seal area and i n  m o s t  cases probably resul ted from hydraulic rupture of t h e  

matrix. To minimize t h i s  problem, closely spaced l i nea r  grooves were 

machined i n  the segment areas of four face plates  as shown in  Figure 4-6. 

The purpose o f  these grooves is t o  provide a reservoir  fo r  any e lec t ro ly te  

squeezed out of the  matrix during compression. 

gaps available fo r  the matrix were decreased. Thus &9 or ig ina l ly  

The ce l l s  house s i x  inch square 

Figure 4-5 shows t h e i r  i n i t i a l  design which w a s  described 

Although Fuel C e l l  Asbestos could be assembled i n  these 

poor w e t  s t rength caused it t o  break 

I n  addi t ion,  the minimum 



fabr ica ted ,  the active area and segment areas of each face p l a t e  was 

undercut 5 mils below t h e  seal area which i n  turn  w a s  undercut 5 mils 

below t he  area outside of the  "0" ring. This l imited the  minimum gap 

for the matrix t o  12 m i l s  i n  t he  c i r cu la r  groove s e a l  area and t o  22 m i l s  

i n  t h e  act ive area and seRment areas when the  c e l l  w a s  assembled w i t h  

t h e  th innes t  available insu la tor  (2 m i l )  outside of the  "0" ring. 

lat ter undercuts were eliminated i n  both face plates of two c e l l s  i n  

order t o  reduce these minimum gaps t o  2 mils and 12 m i l s  respectively.  

This modification permitted greater degrees of matrix compression t o  

be applied. 

The 

4 . 3  T e s t  Results 

Figure 4-7 shows the  different  c e l l  configurations,  varyinp 

w i t h  respect t o  groove locat ions and undercut dimensions, which were 

employed i n  tes t  start-ups. 

c e l l  assembly conditions and gas cross-leakaRe data for these start-ups.  

I n  some assemblies, a l l  grooves were packed with dry asbestos i n  order 

t o  physical ly  support the  matrix whi le  s t i l l  maintaining an excess 

e l ec t ro ly t e  reservoir .  The electrodes and spacer screens were cut t o  

f i t  snugly i n t o  the electrode cavity and prevent possible  drooping of 

matrix within t h e  cavity.  The t w o  face p l a t e s  were insu la ted  from each 

o ther  outside the "0" ring: seal by e i t h e r  5-10 m i l  F'TFE o r  by 2 mil 

fluorocarbon polymer f i l m .  L i f e  t e s t  conditions and results fo r  

those assemblies which were f ree  of cross-leaks are given i n  Table 4-2. 

T a b l e  4-1 summarl zes c e l l  configurations,  



4.3.1 Tests With Quinterra Asbestos Matrix 

Twenty-six assemblies were made with 20 m i l  Quinterra Asbestos 

matrices i n  f ive  d i f fe ren t  C e l l  COnfigUratiOnS. Gaps provided for the  

matrix ranged from 5-23 mils i n  t he  seal area t o  15-32 m i l s  i n  the  

act ive area and segment areas. Since t h e  dry matrix swells t o  approx- 

imately 50 mils when w e t  with e l ec t ro ly t e ,  it w a s  compressed approximately 

54-90% and 36-70s i n  these respective areas. 

During a l l  start-ups t h e  c e l l s  developed a cross-leak evidenced 

i n  most cases by imposing a 2 ps ig  d i f f e r e n t i a l  pressure across the  

matrix, e i ther  of nitrogen at room temperature o r  of hydrogen at 100°C. 

In  most cases, cross-leaks were caused by tears o r  pinholes,  which 

developed after t h e  assembly, i n  t h e  s e a l  area, i n  the  segment area, 

or along the electrode edges. In  a f e w  assemblies, cross-leaks occurred 

even i n  the absence of any v i s ib l e  openings i n  t h e  matrix. 

Cell  configuration ( 2 )  caused less matrix tear ing  end less 

cross-leakage than configuration (11, at nearly iden t i ca l  matrix 

compression, when t h e  grooves were not packed w i t h  asbestos. 

both configurations, packing t h e  grooves lessened matrix tear ing  but 

d id  not lessen cross-leakage. 

With 

No consistent effect of matrix compression on t h e  amount of 

t ea r ing  i s  evident,  partly because the  results were not reproducible. 

Thus, when these gaps i n  the  seal area and ac t ive  area were 19 m i l s  and 

25 mils respectively (Configuration 2 ) ,  nitrogen did not cross-leak i n  

two assemblies (holding i n  one case a 10 psig pressure d i f f e r e n t i a l  f o r  

nearly two hours) but d id  cross-le& i n  three  other apparently iden t i ca l  
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assemblies. Nitrogen cross-leaks were a l so  prevented i n  one assembly 

with a 5 m i l  gap i n  the  act ive area and a 15 m i l  gap i n  the  seal area 

(Configuration 4 ) .  

t he  seals t h a t  were es tab l i shed  were "borderline". Thus two of t h e  

assemblies which d id  not cross-leak w i t h  nitrogen cross-leaked with 

hydrogen under the  same d i f f e r e n t i a l  pressure,  e i t h e r  at room tempera- 

t u r e  or  at 1 0 0 ~ ~ .  

The results were not reproducible pa r t ly  because 

Better sealine: w a s  obtained with 30 m i l  th ick  matrices i n  

c e l l  configurations (1) and ( 2 ) .  Thus, i n  a l l  f ive  assemblies with a 

18-19 m i l  gap i n  the  seal area and a 25-27 mil pap i n  the  ac t ive  area, 

no cross-leaks were encountered with a 2-10 ps ig  d i f f e r e n t i a l  of nitrogen 

at room temperature. Three of these assemblies also d i d  not cross- 

leak with a 2 ps ig  d i f f e r e n t i a l  of hydrogen at 100°C. tiowever, c e l l  

po lar iza t ions  obtained f o r  these assemblies showed poor i n i t i a l  per- 

formance, pa r t i cu la r ly  at  current densi t ies  above 100 ma/cm2, compared 

t o  t h a t  of a 20 m i l  matrix i n  a two inch c e l l  (Figure 4-8). Additional 

work is required t o  determine t h e  cause. 

One l i f e  t e s t  was s t a r t e d  with t h e  30 mil matrix at 100°C, 45 

ps ig ,  50% KOH and 100 ma/cm2 on dry gases (7344-179). 

declined rapidly from 0.902 v t o  0.877 v durine 21 hours without any 

s ign i f i can t  r ise  i n  c e l l  res is tance.  The voltage w a s  increased t o  

0.896 v durina t h e  next 27 hours by lowerina the  gas flows t o  maintain 

a 40% KOH concentration i n  t he  cel l .  The test  was terminated by a 

loss of hydroeen l i n e  pressure. 

The v o l t w e  
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Preliminary s tudies  with t h e  20 m i l  Quinterra  Asbestos matrix 

i n  a flat p la te  s i x  inch c e l l  were car r ied  out using s i l i cone  rubber 

gaskets taped with PTFE t o  form the  ac t ive  area and maintain the  seal. 

This c e l l ,  whose design has been described i n  detail,") nad previously 

operated s a t i s f a c t o r i l y  at atmospheric pressure with ACCO-I Asbestos as 

t h e  matrix.  ( 2 )  

t o  enable t h e  c e l l  t o  hold 45 ps ig  without leaking,  both at ambient temper- 

a ture  and at 100°C. 

when no frame w a s  used t o  l i m i t  i t s  compression. A 10 m i l  PTFE frame 

prevented breakage at room temperature but not at 100°C. Additional work 

i s  planned at lower compression. 

Improved techniques fo r  taping the  gaskets were developed 

The Buinterra matrix broke severely within t h i s  c e l l  

4.3.2 Tests with Fuel C e l l  Asbestos Matrix 

A f t e r  several unsuccessful attempts, both 15 a rd  20 m i l  Fuel 

C e l l  Asbestos matrices were assembled i n  c e l l  confiRurations ( 3 )  and 

(1) without breakage o r  R a s  cross-leakwe. FiRure 4-9 shows polarization 

curves obtained with these matrices at 100°C, 45 p i g  and 50% KOH. "he 

performance of the  20 m i l  matrix w a s  t he  same as t h a t  i n  two inch c e l l s  

at current densi t ies  up t o  200 ma/cm2, but w a s  lower at higher current 

densi t ies .  The performance of the  15 m i l  matrix w a s  normal at current 

dens i t ies  up t o  approximately 400 malcm', but w a s  again lower at higher 

current densi t ies .  

The assembly with t h e  1 5  m i l  matrix w a s  put on l i f e  tes t  at 

100 ma/cm2 on dry i n l e t  gases (8136-54). 

declined 52 mv and the  t e s t  was  terminated (FiRure 4-10). 

Durinp 116 hours, t he  voltage 
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I 
4.3.3 Test w i t h  Ceria-PTFE Matrix 

No breakaqe of the  matrix o r  gas cross-leakage occurred during 

s tar t -up of a c e l l  (Configuration 3) which w a s  assembled w i t h  t h e  9 5 / 5  

Ceria-PTF'E matrix. A l i f e  test  (8136-96) w a s  run at 125OC, 45 ps ig ,  

50% KOH, and 100 ma/cm2 on dry gases. The i n i t i a l  voltage w a s  low 

(0.93-0.86 v) and performance was e r r a t i c  during 210 hours of operation 

(Figure 4-10) 
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LARGE CELL PRESSUIIE LIFE TEST STATIONS 

Figure 4-1 
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LARGE CELL PRESSURF: L I F E  TEST STATION 
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Figure 4-4 
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SIX IRCH PRESSrn CEU: ORIQIAAL 
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LARGE PIiESSuKE CELL8 - CONFIGURATIONS USED FOR TEST ASSENBLIES 

CELL 
CONFIGURATION 

NO. 

(1) 

( 2 )  

( 3 )  

(4) 

( 5 )  

GROOVES 
m 

SECTIONS: 

A,B,A' ,B' 

A,B,A' 

A,A' 

A,A' 

UNDERCUT 
DIMENSION (MILS) 
C D C' D' 

5 5 8  4 

6 2 8  4 

0 5 0  5 

0 5 0  5 

6 2 5  5 

( a )  

(b) 

Sections A and A' are  circular. 

Sections B and B' are segmental. 

Figure 4-7 
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INITIAL PERFORMANCE OF QUINTERRA ASBESTOS MATRIX 
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Figure 4-8 
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INITIAL POLARIZATION OF FUEL CELL ASBESTOS MATRIX 
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Figure 4-9 
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LARGE CEU PRESSURE LIFE TESTS 

~reasure: 45 psig 
8136-54: 15 Mil Fuel Cell Asbestos Matrix: 100°C: 50% KOH 
8136-96: 20 Mil Ceria-PTFE Matrix: 125OC: 50% KOH 
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Figure 4-10 
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